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STRONG SPIN-FLIP TRANSITIONS I N  (p,n) REACTIONS 
* * B.D. Anderson,* D.E. Bainum, A.  ~ a l d w i n , * ,  C.C. Fos ter ,  C.D. Goodman,*** 
C.A. Goulding,f M.B.  ree en field,? J . N .  ~nudson , "  
R. ~ a d e ~ , *  J. ~ a ~ a ~ o r t , * * ,  and T.R. wit ten* 
A s t r i k i n g  f e a t u r e  of t he  d a t a  obtained so  f a r  
from (p,n) r eac t ions  a t  IUCF is the  dominance of 
sp in - f l i p  t r a n s i t i o n s  a t  h igh  energy. I n  t he  
previous IUCF annual r epo r t  we noted t h a t  i n  62 MeV 
da ta  from self-conjugate t a r g e t s  we were a b l e  t o  
i d e n t i f y  s t rong  t r a n s i t i o n s  t o  s t a t e s  t h a t  a r e  t he  
analogs of c e r t a i n  exc i t ed  s t a t e s  of t he  t a r g e t  
n u c l e i  wi th  l a r g e  M 1  widths (see f i g .  1 ) .  We now 
see  t h a t  a t  120 MeV and 135 MeV those t r a n s i t i o n s  
dominate t he  spec t r a .  The s t rong t r a n s i t i o n s  a r e  
1 2 ~ ( ~ , n ) l ~ ~ ( ~ . s . ) ,  2 4 ~ ~ ( p , n ) ~ ~ ~ l ( l . l  MeV), and 
2 8 ~ i  (p, n ) 2 8 ~  (2.1 MeV) . I n  40ca (p, n) 4 0 ~ c  the re  
is no dominant peak, bu t  4 0 ~ a ( p , n ) 4 0 ~ c ( 3 . 3  MeV) 
has a forward peaked angular  d i s t r i b u t i o n  and 
might be r e l a t e d  t o  t he  s t rong t r a n s i t i o n s  f o r  the  
o the r  t a r g e t s .  
Fig.  1. The r e l evan t  energy l e v e l s  i n  t he  mass 
An i rony i n  these  e a r l y  r e s u l t s  lies i n  t he  28 system. 
r a t i o n a l e  used f o r  t he  choice of  f i r s t  t a r g e t s .  
We reasoned t h a t  w i th  poor r e so lu t ion  broad g i an t  e f f e c t i v e  i n t e r a c t i o n  is 
resonances would be t he  most e a s i l y  observable Veff ' zi [V1'.~i + V2 ( o 0 a i )  (TeTi) 1 
f e a t u r e s  of t he  spec t r a .  I n  f a c t ,  t he  g i a n t  El  
resonance is bare ly  d i sce rn ib l e  i f  present  a t  a l l ,  
y e t  sharp peaks tower above the  continuum. The 
s e l e c t i v i t y  of t he  r eac t ion  makes up f o r  t h e  l ack  
of r e so lu t ion .  
The prominent sharp peaks can be understood as 
sp in - f l i p  t r a n s i t i o n s  induced by a spin-isospin 
dependent term i n  t h e  e f f e c t i v e  p ro j ec t i l e - t a rge t  
i n t e r a c t i o n .  The main i sosp in  dependent p a r t  of t h e  
where t he  subscr ip ted  opera tors  r e f e r  t o  t he  t a r g e t  
nucleons and t h e  unsubscripted opera tors  r e f e r  t o  
t he  p r o j e c t i l e .  
The V 1  term is the  Lane p o t e n t i a l  which gives 
r i s e  t o  analog s t a t e  t r a n s i t i o n s .  It is  inopera- 
t i v e  on self-conjugate t a r g e t s .  The V2 term, 
however, because of  t he  sp in  opera tor ,  can cause 
t r a n s i t i o n s  between a O+ t a r g e t  s t a t e  and a 1+ 
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e.g. d512 + d312 f o r  28~i.  (This is n o t  wholly tor- 
? 1 
r e c t  because t he  s p i n  opera tor  a l s o  connects dgI2 + gt 
d5/2). The t o t a l  s t r e n g t h  of the  sp in - f l i p  t r a n s i -  
t i o n s  is a measure of t h e  degree t o  which t h e  pro ton  
and neutron sp ins  a r e  not  pa i red .  I n  12c and 28~ i  
t h i s  is l a r g e l y  due t o  s p i n - o r b i t  s p l i t t i n g  i n  t he  
p s h e l l  and the  d s h e l l  r e spec t ive ly .  I n  4 0 ~ a  t h e r e  
should be  no unpaired s p i n s  i n s o f a r  as t he  nucleus is 
doubly magic. However, p a i r  e x c i t a t i o n s  t o  t he  f 7 / 2  
s h e l l  could c r e a t e  unpaired sp ins .  
Deta i led  a n a l y s i s  of  t he  d a t a  should y i e l d  in-  
formation about t he  s t r u c t u r e  of  t he  t a r g e t  n u c l e i  
and about t he  e f f e c t i v e  nucleon-nucleon i n t e r a c t i o n .  
Figure 2 shows t ime-of-f l ight  s p e c t r a  f o r  
2 7 ~ l ( p  ,n) 27Si and 28~ i  (p ,n)28P. The l a r g e s t  peak i n  
the 28~i  spectrum is f o r  the 2 .1  MeV s t a t e  i n  2 8 ~  as 
discussed above. The 27~1  spectrum appears qua l i -  
t a t i v e l y  d i f f e r e n t  from low energy (p,n) s p e c t r a  i n  
t he  10-30 MeV range. The low energy s p e c t r a  a r e  
dominated by the  i s o b a r i c  analog s t a t e  t r a n s i t i o n s .  
The h igh  energy s p e c t r a  seem t o  be dominated by the  
sp in - f l i p  t r a n s i t i o n s .  The V2 term becomes r e l a -  
t i v e l y  more important  than t h e  V1 term a t  h igh  energy. 
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